The C programming course is mandatory for undergraduate engineering students enrolled at universities in Palestine. The programming courses are taught by applying a traditional learning method in which the programming concepts are explained theoretically and minimal practical work is applied. In addition, students receive either no formative feedback or minimal manual delayed feedback after submitting their practical work. This negatively affects students' performance as students find it difficult to understand the programming concepts. This paper addresses the aforementioned drawbacks by applying blended learning for the first time to the C programming course which is taught to more than 1000 students each year at An-Najah National University, Palestine. Blended learning is a hybrid learning method which integrates the traditional learning method with technology and online learning. It provides students with more practical work and automated immediate formative feedback. This paper aims to study the effect of blended learning on students' performance, and students' satisfaction with the blended learning method. An independent experimental design was applied on 1374 undergraduate students enrolled in C programming course. Students were divided into two groups based on the learning method. The first group consisted of 632 students who studied the course using the traditional learning method, while the second group consisted of 742 students in which blended learning was applied. Quantitative and qualitative research methods were applied and the results revealed that blended learning improved student performance significantly compared with traditional learning. In addition, the results revealed that students were satisfied with the blended learning method in terms of easiness to use and suitability for programming and submitting assignments.
I. INTRODUCTION
The widespread of the internet in the past few decades had forced the integration of technology in many fields such as education. E-learning has been widely used to enhance the traditional methods of teaching successfully [1] - [3] . It aims at providing online pedagogical content which are accessible by students at any time and from anywhere outside classrooms.
E-learning is divided into three main categories; Technology-Enhanced Learning (TEL), online learning, and blended learning. TEL is defined as the use of information The associate editor coordinating the review of this manuscript and approving it for publication was Arianna Dulizia . and communication technologies to enhance traditional teaching [4] , while online learning is an internet-based learning where all educational materials are available online to replace traditional teaching method completely [5] . Between those two approaches lies blended learning, which aims at providing an educational experience that combines face-toface teaching with internet-based technologies to get the best advantage of both e-learning categories [6] . This hybrid approach is effective in terms of accessibility and reducing cost and effort. Therefore, blended learning is used in universities to provide better qualification of learning outcomes [7] - [9] .
Blended learning is applied to several educational programs in higher education, such as courses in the engineering departments. It helps students have a deeper understanding of the educational concepts and consequently improves their performance [10] , [11] . In Computer Engineering programs, blended learning became essential, as learning computer programming and algorithms is challenging and difficult for most students [9] , [12] . The logic of computer programming is not trivial for students especially at the beginning of their learning process [13] , [14] . They find it difficult to comprehend and apply the programming concepts. Moreover, students need to understand the language-dependent syntax for correct compilation of programs and apply logical thinking and mathematical skills [15] - [17] . The learning difficulty increases when programming is associated with hardwarerelated concepts like memory management and pointers [18] . This increases the percentage of failing and dropout of students in programming-based courses [14] , [17] , [19] .
To address the aforementioned drawbacks, applying blended learning in computer programming courses helps teachers apply practical coding exercises, and immediate formative feedback [17] . This helps students form a deeper understanding of the programming concepts and decreases the percentage of failures and dropouts [17] . Unfortunately, Palestinian universities use traditional methods in teaching computer programming. Teachers prepare the educational materials and practical exercises, and teaching assistants evaluate the exercises and provide delayed formative feedback to students which is time-consuming especially when the average number of students per course is high [20] . The courses have no practical lab sessions and students receive no immediate feedback from teaching assistants. This is due to the high number of students per semester and the lack of teaching assistants and labs.
This research paper aims to study the impact of applying blended learning method on computer programming courses in higher education in Palestine for the first time. The study is applied on a C Programming course that is mandatory for engineering students at An-Najah National University which is one of the largest universities in Palestine. The C programming course is an introductory course to programming concepts in C language, and it is usually taken by first-year undergraduates engineering students. Students were provided with practical coding exercises and automated immediate formative feedback. Their performance and satisfaction were measured after applying blended learning. This paper is organised as follows. Section II provides background information regarding the use of technology in teaching. Section III describes the detailed experiment design of the blended learning method in the C programming course. The results are analysed and discussed in Section IV. Finally, a conclusion of the paper and future work are provided in Section V.
II. RELATED WORK
The transformation of traditional learning in higher education programs into blended learning is a challenging process because it usually requires the integration of web-based teaching methods and activities in a coherent way with the classical face-to-face learning. Such transformation requires course redesign, higher resources and adaptive infrastructure materials to support the new requirements of e-learning [21] . As a result, the educational potentials of e-learning methods should be thoroughly studied and analysed before this transformation. This section illustrates significant experiences in integrating blended learning in higher education in general, and in particular in computer-related courses.
A. BLENDED LEARNING IN HIGHER EDUCATION
Many researches had proved the effectiveness of blended learning in higher education systems and its efficiency in enhancing the learning experience of traditional methods [6] , [7] . They proved that blended learning can provide extra flexibility for traditional learning methods in terms of time and effort. The study in [22] proved that blended learning had a positive effect on the performance of students in higher education courses in terms of reducing dropout rates and increasing the grades of students. This is due to the fact that blended learning can add unlimited access to information on the internet compared to the traditional face-to-face method. However, a successful implementation of blended learning has to be done properly by taking into consideration four major criteria which are defined as follows [23] , [24] : the availability of technology in educational institution, its access by students, the willingness of teachers to use new technology, and of institutions to provide sufficient support. The most challenging task in blended learning is to divide the learning experience between face-to-face learning and online learning in a well-structured and balanced way so that the use of technology does not become a barrier in the learning experience [25] - [27] . For example, a study was done in [28] concluded that at least one-third of face-to-face learning time in an educational course should be replaced with interactive blended learning activities.
B. BLENDED LEARNING IN COMPUTER PROGRAMMING COURSES
Certain courses in higher education are more challenging than others, and computer programming is considered a challenging course due to its abstract and complex concepts. Many researches discussed the difficulty and the challenges of teaching programming languages [29] , [30] . Their results revealed that most students, especially those with learning difficulties, do not have the natural ability of problem-solving logic and the required mathematical skills. A survey was presented and conducted by [31] analysed the difficulties that face novice programmers. This survey indicated that it is more difficult for students to learn larger entities of code than individual programming concepts or details. Also, abstract concepts (e.g., pointers and memory allocation) are more difficult to understand and visualise than basic ones. Robins et al. in [30] stated that it is very important to teach students how to apply what they have learned rather than sticking with theoretical concepts. But this requires a lot of time and effort from teachers to prepare practical exercises, motivate students to do their homework assignments and evaluate their performance.
The use of blended learning can help in overcoming the challenges of programming-based courses. It is a growing trend that is used by many institutions and students nowadays. A research done by Vo et al. [32] proved that blended learning is very efficient when integrated in Science, Technology, Engineering and Mathematics (STEM) disciplines. Their research revealed that blended learning helped students have better performance compared with traditional face-toface teaching practice.
The use of blended learning in computer programming courses had been studied in the last decade [33] - [35] . Since computer programming is considered as a mental skill that evolves with constant practical training, an efficient blended e-learning of computer programming course requires teachers to set up the online materials and all necessary practical exercises for evaluation. To facilitate this process, many webbased learning systems allow online development of computer programs and provide various features such as code debugging, evaluation and similarity checkers [36] - [38] . For example, Moon et al. [38] had presented a web-based virtual e-learning system for C programming language which had two main features; a lecture tool and a management tool. The lecture tool helped the teacher to present course lectures in an attractive way by the use of creative multimedia content. While the management tool provided many features for teachers to follow up with their students. It provides features such as attendance checking, report assignment and online examination and scoring. The web-based system provides a complete e-learning system for students to learn virtually the material related to the programming course independently of their geographical location, and it provides very useful features for teachers to facilitate their work.
Rodriguez et al. also presented a virtual e-learning system which is called the Virtual Programming Lab (VPL) [39] . VPL is an online platform that can be used to run and execute programs online without the need to install and setup programming tools on personal computers. It can be used in parallel to traditional courses to facilitate their accessibility and interactivity. VPL is designed as a plugin of Moodle which is an open-source e-learning platform for course management [40] . By the use of both tools together, a variety of e-learning features are available such as assignment submissions, grading records, similarity checker and automatic evaluation. The development of this plugin is very useful because Moodle is a famous e-learning platform which is used widely as a management tool for many courses including programming-based courses. Hence, the integration of VPL in Moodle helps existing users to better work on their practical application of programming-based courses.
In this research, Moodle with VPL plugin are chosen as a platform to implement blended learning in the computer programming course at An-Najah National University for the first time. Before the 2016/2017 academic year, Moodle was not applied in the computer programming course and teachers tend to provide students with hardcopy material and homework. This improved in the academic year of 2016/2017, as Moodle has been used intensively to upload the course material and receive submissions from students as file submissions and not compiled programs. However, no immediate formative feedback was provided to students and students were only provided with a limited number of homework assignments due to the high number of students per semester. Therefore, in this research VPL plugin was used as the practical solution for applying blended learning. Students were provided with more practical homework assignments and immediate formative feedback. The next section will present the experimental study carried out in this research to examine the effect of applying blended learning in a computer programming course.
III. EXPERIMENTAL STUDY
This paper aims to analyse the performance of engineering students enrolled in the C programming course when blended learning is used in comparison with traditional learning method. The usefulness of the proposed blended learning method is studied based on several metrics such as the academic performance of students, the immediate and automated feedback obtained from blended learning and its effect on performance, and the satisfaction of students. This section describes the experiment questions, the experimental background, the experimental set-up, and participants.
A. EXPERIMENT QUESTIONS
This experiment aims to answer the following main questions:
1) Does blended learning in programming courses improve students' performance significantly compared with the traditional method? 2) What is the effect of various types of feedback obtained from blended learning on students' performance? 3) Do students find the online system of the blended learning method easy to use, suitable for writing code, and practical for homework submission?
The C programming course has been taught for 15 years at An-Najah National University using a traditional method which introduces the basic concepts of programming to students in 48 lectures with no practical lab sessions. The course is mandatory for all disciplines of engineering such as computer, civil, mechanical and electrical engineering. It consists of 16 weeks with a total of 48 lecture hours (3 hours per week) which are composed of the theoretical representation of basic concepts of programming and algorithms. Figure 1 illustrates a general concept map of the main educational concepts taught at the C programming course. The majority of students enrolled in the course are firstyear undergraduate students who have no prior knowledge on using online educational systems. The overall performance in the course is composed of the first exam (20%), the second exam (20%), the final exam (50%) and homework assignments (10%). All exams are paper-based while the assignments are practical work in the form of coding problems evaluated during the course. Before the academic year 2016/2017, a traditional learning method was used in the course. Students were asked to solve two or three coding assignments during the course distributed over the semester as shown in Table 1 . The first assignment is posted after 15 lecturing hours and it includes basic programming concepts such as; mathematical and logic expressions, conditional statements, and loops. The second assignment is posted after 30 lecturing hours and it covers the arrays, matrices and pointers concepts. The third assignment concentrates on advanced programming concepts such as functions and strings. The described traditional learning method has the following drawbacks: 1) assignments are complicated as each assignment assesses more than one concept at a time, 2) inconsistency between the theoretical concepts and the assignments in terms of timing, and 3) students are provided with either no formative feedback or delayed formative feedback manually created by teachers after submitting their assignments. Manual formative feedback of assignments can be inefficient, resulting in undesirable delayed feedback, and affecting negatively the quality of learning process and students' performance [41] . To overcome the aforementioned drawbacks, blended learning is applied for the first time to involve students in the process of program development from the beginning of the C programming course. It starts with editing, accommodating the changes, evaluating and recurring their work until all test cases are satisfied, as illustrated in Figure 2 . Blended learning aims at providing students with more practical work to theoretical concepts. Assignments' objectives are clearer and are designed to cover each individual programming concept. Hence, students are expected to spend less time and effort working on each assignment and they are encouraged to keep up with the theoretical course material. The following section illustrates in detail the blended learning method applied in the C programming course.
C. EXPERIMENTAL SET-UP
A new approach which adopted blended learning in C programming course starting from the academic year 2016/2017 was applied. The approach used an online system which aimed to improve the practical work in the course by creating an assignment for each educational concept introduced theoretically in the lectures (see Table 1 ). The number of assignments became larger than the traditional method when blended learning is used and students were able to apply programming concepts as soon as they have learned them in lectures. The online system also provided students with immediate formative feedback which aimed to improve students' performance [42] . Table 1 illustrates 12 C programming assignments created using the blended learning method. The first two assignments are introductory demos designed with the aim of introducing students to the online system and training them on how to use its features efficiently. The following assignments cover the basic theoretical concepts of programming and the complexity of programming problems increases gradually during the semester. Each assignment consists of a problem description and two to three test cases visible to students to check the correctness of their code. Students are granted a full week to solve each assignment and they are not limited to a specific number of submissions as long as the deadline has not passed. The assignments are automatically graded by the online system based on the corresponding test cases, and students can evaluate their code any time during the submission period. Since test cases are public to students and in order to prevent them from cheating the system, a re-evaluation of all submissions is done after the deadline for each assignment with new test cases hidden from students.
1) THE ONLINE SYSTEM
The online system of the C programming course was implemented using a Moodle plug-in called Virtual Programming Lab (VPL) [39] . VPL is designed mainly for submitting programming assignments on Moodle and it supports multiprogramming languages such as C, C++, Java and C#. It allows students to code, debug and evaluate programming assignments online within any Moodle course. Teachers can customise the settings of assignments by specifying submission availability, deadline dates and automatic grading options.
VPL was chosen as the online tool in this experiment because Moodle is the online virtual learning environment used at An-Najah National University since 2009 to upload the C programming curriculum which includes the lecture slides, books, and self-study activities [43] .
2) TYPES OF ASSESSMENTS AND FEEDBACK
Blended learning method is a merge between traditional face-to-face learning and online learning. This helps teachers evaluate the performance of students using two types of assessments [25] : 1) onsite assessment which is related to the traditional section of blended learning, and 2) online assessment which is related to the online section of blended learning. Both types of assessments are applied in the C programming course as follows: 1) onsite assessment provides students with summative verification feedback to help them understand their misconceptions in the tested topics. The evaluation is carried out manually by teachers in the form of grades on the paper-based exams. As explained in section III-B, the evaluation criteria of the C programming course consist of three paper-based exams which form 90% of the course total grade. The exams are designed to assess students' understanding of programming concepts using multiple choice and short answer questions, and the ability of writing code using real-world challenges. 2) online TABLE 2. Overall performance mean for students after applying the traditional and blended learning methods. assessment is provided by the online system of blended learning and it has many advantages over onsite assessment such as automation, flexibility of time and providing immediate formative feedback to students. The blended learning method of the C programming course was designed to provide the following immediate feedback [44] to students based on online assessments: 1) Verification feedback is defined as informing the student about the correctness of the provided response. In the online system, an automatic grading of each assignment is provided and each submission is given a grade out of 10 to indicate a percentage of correctness of the code, where 0 means there is a compilation error in the code that prevents the execution of the program and 10 means that the program is fully correct. 2) Try-again feedback is defined as allowing the student to repeat the solution more than one time while trying to answer the problem. In the online system, students are granted a full week to submit their coding programs and during this week they are not limited by a specific number of iterations. Hence, a student is allowed to keep submitting solutions to a given assignment until a correct answer is achieved (correct answer can be verified by the automatic grading of assignments). 3) Error-flagging feedback is defined as highlighting errors in the submitted code without showing the correct answer. This feedback is achieved by two methods in the online system, described as follows:
• The C debugger is responsible for indicating compilation errors in the submitted code in the form of error messages that show the problem and where it occurs in the code. However, the debugger cannot detect any logical errors in the code.
• The error messages that are generated from the test cases of each assignment. Each assignment is tested against a given input, and the expected output is compared with the actual output of the code. The comparison is visible to students and the messages serve as hint messages for students to solve any logical problem in their code.
D. PARTICIPANTS
1374 undergraduate students registered in the Computer programming course at An-Najah National University between 2016/2017 and 2017/2018 academic years, volunteered to take part in the experiment. The 2016/2017 and 2017/2018 academic years were chosen, as in 2016/2017 all students enrolled in the Computer programming course studied the course using the traditional learning method. This was changed in the 2017/2018 academic year and the blended learning method was applied for the first time. Students were divided into two groups based on the learning method used in the course. The first group consisted of 632 Students enrolled in 2016/2017 academic year and studied the course using the traditional learning method. While the second group consisted of 742 students enrolled in 2017/2018 academic year and studied the course using the blended learning method.
IV. RESULTS AND DISCUSSION
This section illustrates the research questions and presents the results obtained using the qualitative and quantitative analysis.
A. EFFECT OF BLENDED LEARNING ON STUDENTS' PERFORMANCE
Students' overall performance is determined by their grades in the C programming course which is measured out of 100% and consists of the following: 20% first exam, 20% second exam, 10% homework assignments and 50% final exam. Table 2 illustrates the overall performance mean for students before and after applying the blended learning method. The difference between the overall performance mean was measured using the independent t-test. The results revealed that there is a significant difference in the overall performance mean before and after applying the blended learning method (t(1371) = −4.51, P < 0.05, CI = 95%). It is worth noting that the continuous practice of basic programming concepts and immediate formative feedback improved the students' skills of logical thinking and program writing which improved their performance in paper-based exams.
B. EFFECT OF TYPES OF FEEDBACK OBTAINED FROM BLENDED LEARNING ON STUDENTS' PERFORMANCE?
Further qualitative and quantitative analyses were carried out to examine the effect of immediate types of formative feedback provided by the online system on the improvement in students' performance. A focused group of 126 out of 742 students were provided with a 5 point Likert scale post-questionnaire to evaluate students' perception on the types of feedback and their effect on improving performance. As shown in Figure 3 a Kruskal-Wallis H test showed that there was a statistically significant difference in median of students responses between the different types of feedback, x 2 (2) = 9.417, P < 0.05, CI = 95%, with a mean rank score of 210.67 for verification and try again feedback, 185.6 for C debugger error flagging feedback and 170.63 for hint error flagging feedback. This suggests that students tend to agree that verification and try again feedback improve their performance more than the error flagging feedback. The results are consistent with the results obtained in [45] . Hoa et al. revealed that error flagging feedback had no effect on students' performance in programming. The results are also justified by the fact that participants in the experiment are non-native English speakers and they tend to face problems in understanding the error flagging feedback which is presented in English [46] . Even though students agreed that verification and try again feedback helped them improve their performance, it is worth noting that the feedback students receive after submitting their answers helped them reduce their percentage of assignment submission rate as they progressed in the course. Table 3 illustrates students' submission rate in 5 assignments out of 11. The results revealed that the submission rate for assignments decreased as students used the immediate feedback to enhance their code.
C. USEFULNESS OF ONLINE SYSTEM IN BLENDED LEARNING
Among 742 students who studied the course using the blended learning method, 224 students who had no prior experience in online educational systems volunteered to fill a questionnaire. The questionnaire consisted of eight questions and began with a demographic section in which students filled their gender and engineering discipline. 44.4% of students who filled in the questionnaire were females while 55.6% were males (see Figure 4 ). Most students were from the computer and civil engineering disciplines which had the highest number of students in the engineering department at An-Najah National University (see Figure 5 ).
The second section of the questionnaire aimed to examine if students used the online system and if they think that the system helped them in improving their performance. The results revealed that the online system was used by 97% of students registered in the course. Students used the system to write C code while practising and submitting their homework assignments. Students who did not use the tool (3%) revealed that they did not know anything about the tool. Half of the students (56.7%) agreed that the online system helped them improve their overall performance. However, third of students (32.7%) had a neutral opinion. This could be due to the fact that all students who took the course in the 2017/2018 academic year are naive first-year undergraduate students who used Moodle for the first time.
The third section of the questionnaire aimed to examine the usability of the online system by assessing the tool's easiness, suitability for writing C code and submitting homeworks (HWs). Figure 6 shows that more than 55% of students found the online system easy to use, suitable for writing C code and practical for homework submission. A Spearman's rank-order correlation was carried out between the three questions to determine the relationship between students' responses. The results revealed a significant correlation between students responses as shown in Table 4 . Students' responses to the usability of online system questions had no significant difference between females and males and across different engineering disciplines.
The result revealed that third of the students had a neutral opinion. Further investigation was carried out and to examine the problems students with neutral opinion faced with the online system. Figure 7 shows that 48% of students who had a neutral opinion found the evaluation of the homework assignments inaccurate. As mentioned previously, the online system uses the VPL plugin which provides automatic evaluations for all submissions as well as immediate formative feedback for students. This requires the set of test cases adopted at each assignment to evaluate critical cases of the solution. For each test case, the teacher is required to prepare an expected output value for an associated input which is usually an exact text or numerical value. When an assignment is evaluated, the input of the test case is applied to the student's program and the actual output is compared with the expected one. During the experiment, some limitation with the automatic evaluation method was identified and could be summarised as follows: 1) Any mismatch between the actual output and the expected output in VPL is considered as a test case failure. A mismatch could be due to the misspelling mistakes or any additional unnecessary indicative messages that can be added by the student. 2) Students find it difficult to understand the compilation errors in the code as they find it hard to interpret the indicative messages provided by the compiler. 3) Students could fool the automatic evaluation of VPL by writing a program to print the expected output of test case. However, in our experiment, we overcame this problem by changing the test cases after the deadline of each assignment to prevent students from modifying their code. Figure 7 also shows that 25% of students who had neutral opinion faced a problem with the internet connection while writing the code and submitting their assignments. Some students in Palestine may have internet dis-connectivity problems at their homes. However, this is not a general problem in Palestine. According to the Palestinian Central Bureau of Statistics, around 59.3% of families in the West bank in 2017 have internet access at homes [47] . In order to reduce the effect of this problem, students were offered more than one week to solve the homework assignments and deadline is never on a weekend day. Hence, students can use the reliable Internet connection at the university.
These are the most-frequently problems of the VPL automated evaluation method. However, most of these problems could be solved by students themselves if they read the indicative messages provided by the online system more carefully. In addition, students could rely on the university internet to solve their homework assignments.
Students were also asked to suggest improvements which could be applied to the online system if used in upcoming semesters. Students responses revealed the following:
1) The online system editor could be improved to include an auto-completion code feature. 2) The online system could be used to substitute the paper-based exams. This is an interesting suggestion giving the fact that marking the coding questions in first, second and final exams is time-consuming. However, the auto-evaluation online system integrated in VPL needs several technical improvements to meet this requirement. The results presented in this section revealed that using the blended learning method in the C programming course helped first-year undergraduate students who had no prior knowledge of using online educational systems improve their overall performance significantly. In addition, students found the online system used to apply blended learning easy to use, and suitable for writing and submitting homework assignments.
V. CONCLUSION
Teaching programming to engineering first-year undergraduate students is compulsory at Universities in Palestine. However, these universities use a traditional learning method in which students have no practical lab sessions. In addition, student are provided with minimal practical assignments and delayed formative feedback. This affects students' overall performance negatively. Therefore, this paper studied the effect of applying blended learning method on computer programming courses for the first time. The online system that consisted of Moodle with VPL plugin was used as a practical solution for blended learning. The study was applied on 1374 students enrolled in a C Programming course that is mandatory for engineering students. Students were divided into two groups based on the learning method used in the course. The first group consisted of 632 Students and studied the course using the traditional learning method. While the second group consisted of 742 students and studied the course using the blended learning method. Their performance was compared and the results revealed that blended learning improved students' performance significantly compared to traditional learning. Moreover students satisfaction on applying blended learning was also measure. The results revealed that students found online system easy to use, suitable for writing code and practical for homework submissions.
In the future work, blended learning will be applied to advanced programming course taught at the university such as Java and Python. This will help studying the effect of blended learning in advanced programming courses. Moreover, it will encourage universities in Palestine to adopt blended learning. Future work will also focus on studying the effect of blended learning on students enrolled at several programs at Palestinian university. In addition, it will take into consideration several factors which affect blended learning such as students who have prior experience in using educational systems. Moreover, an experiment will be carried out to examine the best practices of applying blended learning across several universities in Palestine.
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